The aim of the present study was to estimate the prevalence of Salmonella and investigate the dominant serovars distribution in raw beef and to screen the isolated serovars for the prescense of beta-lactamases and virulence genes. A total of 150 samples of raw beef sold at butcher shops (n = 75) and supermarkets (n = 75) in Karachi city were collected (50 samples each from muscles, lymph nodes, and minced beef). The samples were cultured according to the ISO-6579-1guidlines. The overall prevalence of Salmonella strains was found to be 21.34%. A total of 56 isolates of Salmonella belonging to four serogroups (Salmonella Pullorum, Salmonella Enteritidis, Salmonella Typhimurium and Salmonella Choleraesuis) were isolated from beef muscles (12%), lymph nodes (24%) and minced beef (28%) samples collected from butcher shops (av. 21.34%). No Salmonella was detected in beef samples collected from supermarkets. S. Enteritidis contamination was highest (37.5 %), followed by S. Choleraesuis (30.4%), S. Pullorum (19.6%) and S. Typhimurium (12.5 %). Antibiotic susceptibility testing revealed that Salmonella isolates were highly resistant to Oxytetracycline (90%), Ampicillin (90.5%), Amoxicillin (81.1%), Tetracycline (76%), Neomycin, (79.8%) and Ciprofloxacin (61.4%). The Salmonella isolates examined were more susceptible to the Cephalosporin antibiotics such as Cefixime (43.2%), Cefepime (48.2) and Cefoxitin (49.8%). PCR based screening of blaTEM, blaCTX-M and blaSHV revealed that blaCTX-M and blaTEM were the dominant resistant genes in S. Enteritidis and S. Typhimurium followed by S. Pullorum and S. Choleraesuis whereas blaSHV was the least detected beta-lactamase in Salmonella isolates. Virulence genes screening revealed that at least five genes were present in all the serovars, highest being present in S. Enteritidis (12/17) and S. Typhimurium (12/17). S. Cholerasuis (5/17) carried the least number of virulence genes followed by S. Pullorum (6/17). The present data suggest that beef samples from butcher shops of Karachi city are heavily contaminated with MDR Salmonella. The presence of resistance and virulence genes in MDR strains of Salmonella may play a significant role in transmission and development of Salmonella infection in humans.
Introduction
Foodborne diseases pose a significant threat to global health. Non-typhoidal Salmonella serovars are a major cause of food-borne illnesses both in developed and developing countries of the world [1] . According to recent epidemiological data, 94 million cases of salmonellosis are reported globally, of which 83.3 million cases are due to the consumption of contaminated food [2] . In USA, 40,000 cases of non-typhoidal salmonellosis are reported annually [3] . Similarly, the prevalence rate of salmonellosis in European Union was 23.4 cases per 100,000 population in 2014 [4] . The prevalence rate of salmonellosis and its underlying causes may vary significantly with geographical boundaries. Foods of animal origin have been considered a significant cause of salmonellosis in humans. The infection is usually acquired through the consumption of contaminated food such as poultry, mutton, pork, beef and their products [5, 6] . In the USA, salmonellosis is caused by the consumption of contaminated eggs, poultry and beef, and particularly minced beef [7] .
Meat, either in traditional cooked form or in its processed forms, is considered as a tremendous source of proteins and vitamins for humans. Meat is rich in high quality animal proteins, vitamin B complex, and most of the minerals essentially required for nutritionally balanced food [8] . Among meats, beef is ranked 3rd in consumption globally. It is estimated that 25 percent meat production consist of raw beef, after pork and poultry that constitute 38 and 30 percent of the total meat production in the world, respectively. Brazil is the biggest beef exporter of the world (1.850 million tons), followed by India, Australia, USA and New Zealand with 1.850, 1.385, 1.120 and 0.580 million tons of beef exports, respectively. The USA is the largest beef consumer in the world, followed by Brazil, China and the European Union [9] . Pakistan produces 4478 thousand tons of meat, and annual beef production is 2227 thousand tons, while Pakistan exported 48.8 thousand tons of meat during 2018 [10] .
The contamination of beef with Salmonella could occur at various stages such as slaughtering, skinning, evisceration, transportation and cutting in retail markets which can pose a significant threat to public health. Certain serotypes are associated explicitly with cattle; which mainly include S. Dublin, S. Typhimurium, S. Kentucky, S. Hadar and S. Enteritidis [11, 12] . Salmonella has been widely reported in cattle all over the world [13] [14] [15] , and infected animals may shed organisms in their feces without showing any clinical signs of the disease. Therefore, the cattle may carry these undetected organisms into abattoir at the time of slaughtering [16] .
The extensive use of antibiotics for prophylaxis and growth promotion in cattle and other livestock animals have resulted in the emergence of MDR strains of Salmonella [17, 18] . There are various research reports describing the isolation of MDR (resistant to three or more classes of antimicrobials) Salmonella strains displaying resistance to clinically important antimicrobials such as third-generation cephalosporins, fluoroquinolones and carbapenems [19] [20] [21] [22] . Gastrointestinal salmonellosis usually doesn't require antibiotic treatment however; invasive salmonellosis requires immediate treatment with appropriate antibiotics [23] .
Foodborne diseases are responsible for causing significant economic and health problems in Pakistan [24] . The rate of Salmonella prevalence at the public level is about 0.45% (451.7 cases per 100,000 population). The high rate of prevalence and antibiotic resistance of Salmonella in poultry meat hasbeen reported in several cities of Pakistan [25, 26] . Due to the lack of proper surveillance systems, the data regarding Salmonella prevalence in cattle population and raw beef is very rare. Moreover, the antimicrobial resistance and virulence profile of Salmonella serovars in cattle population and raw beef were never investigated in Pakistan. Hence, for the first time, the current study was performed to examine the prevalence, antibiotic resistance pattern and virulence profile of Salmonella in raw beef samples collected from butcher shops and supermarkets of Karachi city.
Results

Detection of Salmonella in Raw Beef Samples from Different Body Parts
Out of 75 different beef samples from butcher shops, 16 (21.3%) tested positive for Salmonella, while no sample was tested positive for Salmonella collected from supermarkets in Karachi city. A two tailed p-value was obtained using student's T-test for comparison of Salmonella prevalence in butcher shops and supermarkets. A two-tailed p-value of 0.0001 was obtained, which by conventional criteria, is considered extremely statistically significant. The contamination rate of Salmonella was 12% (n = 3), 28% (n = 7) and 24% (n = 6) in the muscles, minced beef and lymph node respectively (Table  1 ). A total of 56 different isolates of Salmonella were recovered from the positive samples comprising of four different serovars in which S. Enteritidis (37.5%) was the most prevalent serovar followed by S. Cholerasuis (30.4) and S. Pullorum (19.6%). S. Typhimurium (12.5%) was the least detected serovar in raw beef as shown in Table 2 . Salmonella was most prevalent in minced meat (58.9%) followed by muscles (30.4%) and lymph nodes (10.7%) as shown in Table 2 . Figure 1 represents the prevalence of Salmonella serovars in muscles, lymph nodes and minced beef. 
PCR Screening of Virulence and Resistance Genes in Salmonella Isolates
All Salmonella isolates were screened for seventeen virulence factors through conventional PCR. The data showed in Figure 2 represent the relative frequencies of virulence genes in Salmonella serovars. Virulence gene invA was found in all four groups of serovars while sipB, sitC, spvB and spiA were detected in at least two different serovars. Virulence factors msgA, ipfC, spaN, orgA, sopB and sifA were detected in at least three different serotypes. S. Enteritidis and S. Typhimurium each harbored most virulence genes (12/17) followed by S. Pullorum (6/17) and S. Cholerasuis (5/17). Figure 3 represents the gel electrophoresis result of amplified product of sopB, tolC and spaN genes. Among beta-lactamases, blaTEM was most prevalent in S. Enteritidis isolates followed by S. Typhimurium (14.5%) and S. Pullorum (2%). Prevalence of blaCTX-M was highest in S. Enteritidis isolates (49.6%) succeeded by S. Typhimurium (28%), S. Pullorum (11%) and S. Choleraesuis (1.8%). blaSHV was the least detected beta-lactamase having prevalence of 2.6% in S. Enteritidis, 5% in S. Typhimurium and 2% in S. Pullorum. blaSHV was not detected in S. Choleraesuis. Figure 4 represents prevalence of beta-lactamases in Salmonella isolates. 
Antimicrobial Resistance in Salmonella Isolates
Antibiotic susceptibility results of Salmonella isolates against 12 different antibiotics have been presented in Figure 5 . Salmonella isolates were categorized into "Resistant," "Intermediate" and "Sensitive" based upon the instruction of the Clinical and Laboratory Standards Institute (CLSI, 2019). Not a single isolate of Salmonella was susceptible to all tested antibiotics. The highest resistance was recorded against Ampicillin (90.9%), Oxytetracycline (90%), Amoxicillin (81.1%), Neomycin (79.8%) and Ciprofloxacin (61.4%) as represented in Table 3 . Isolates were found susceptible to Cephalosporins such as Cefoxitin (49.8%), Cefepime (48.2%) and Cefixime (43.2%). Enrofloxacin (32.9%) also showed activity against Salmonella isolates of raw beef origin. Salmonella isolates phenotypically resistant to three or more than three classes of antibiotics were classified as MDR strains. MDR phenotype was observed in 33.9% Salmonella isolates. While 23.2% of isolates were resistant to 4-5 different antibiotics. Isolates showing resistance against more than seven different antibiotics were found to be 12.5% of all Salmonella isolates. All Salmonella Typhimurium isolates were resistant to Ampicillin while none was found sensitive to Ciprofloxacin (R = 78.4%, I = 28.6%). No isolate of S. Pullorum was susceptible to Gentamicin, Ampicillin, Amoxicillin and Ciprofloxacin. Statistically, the association of antibiotic resistance in specific serovars and meat sources such as muscles, lymph nodes and minced beef was not significant. Isolates exhibited antibiotic resistance irrespective of their source of isolation. 
Morphological and Biochemical Characteristics
Salmonella isolates recovered from raw beef samples were morphologically characterized through gram staining. Salmonella isolates grown on XLD agar resulted in red colonies with black centers while on SS agar Salmonella resulted in transparent or straw-colored colonies with black centers as depicted in Figure 6 . Salmonella Enteritidis stained pink with Gram-staining, actively motile, ranged in its size from 0.3 to 1.6mm in diameter and occurred in singles/short chains. S. Typhimurium and S. Cholerasuis displayed morphological characteristics similar to S. Enteritidis but produced less black colonies on XLD and SS agar. 
Discussion
Salmonella, an anthroponotic pathogen, is the second leading cause of food-borne illnesses all over the world. Food of animal origin such as beef meat is deemed to be the vehicle of transmission of Salmonella to humans [27, 28] . The aim of this study was to determine Salmonella contamination in raw beef sold at wet markets and supermarkets. To the best of our knowledge, this is the first report of prevalence and characterization of Salmonella isolates detected in raw beef in Karachi city, Pakistan. The Salmonella prevalence in raw beef samples was 21.34% which is in agreement with other research findings [29] [30] [31] [32] . The high level of Salmonella contamination in various forms of raw beef such as muscles, minced beef and lymph nodes indicates poor hygienic conditions and practices adopted by workers at various stages of beef processing. Moreover, the refrigeration conditions for beef are almost nonexistent at butcher shops which can significantly accelerate the growth of Salmonella and other foodborne pathogens present in beef. It is worth to note that not a single raw beef sample was positive for Salmonella. Due to the lack of adequate surveillance data regarding food items in Karachi city, it is difficult to compare the high contamination rate in retail beef shops with zero contamination in supermarkets' raw beef. However, supermarkets do have good hygienic practices while handling and cutting raw beef as compared to retail beef markets in Karachi city. The prevalence of Salmonella in beef samples in our research study is higher as compared to previous research studies [33] [34] [35] [36] . However, some research studies have reported more than 60% prevalence in beef samples [37] [38] [39] [40] . The Salmonella prevalence in beef is much lower in developed countries like USA due to strict control measures. The prevalence of Salmonella in minced meat has been reported up to 12 percent by [41] which indicates high microbiological risk because Salmonella must not be present in meat when it is sold. Similar results have also been reported by [42] . Some research studies have reported 5%-20% prevalence of Salmonella in meat [43, 44] . According to our findings, S. Enteritidis, S. Cholerasuis, S. Typhimurium and S. Pullorum were the dominant serovars found in raw beef. The prevalence of Salmonella serovars in raw beef or meats such as poultry and pork can vary considerably among different regions of the world. The difference could be attributed to changes in temperature, rainfall and humidity. Salmonella Enteritidis was the most prevalent serovar with prevalence rate of 37.5 which is supported by the findings of Sallam et al. Although S. Pullorum is routinely found in poultry meat being potential pathogens of poultry industry, however, it can be also be detected in raw beef due to cross contamination with poultry meat. There are few reports describing the prevalence of S. Pullorum in beef and other meats i.e. fish, pork etc. [42] .
Salmonella induced foodborne diseases have gained more significant attention because of food poisoning causality. This study indicates that beef samples from butchers' shops of Karachi city are heavily contaminated S. Enteritidis (37.5%) and S. Cholerasuis (31.25%). This level of contamination in beef suggests poor sanitary conditions of raw meat production where it is being produced. This also indicates fecal pollution close to the butcher shops or where they slaughter the animals that start at direct contact of worker's hands with knives for skinning [45] . Such contamination may also find access while visceral organs are washed and from water while the meat is rinsed and washed. In this study prevalence of S. Enteritidis and S. Typhimurium in beef could be considered as distinct population suggests that meat animals may be the predominant source of contamination [46, 47] .
Salmonella isolates of raw beef origin exhibited high resistance to antibiotics of therapeutic importance such as Tetracycline, Oxytetracycline, Ampicillin, Amoxicillin and Ciprofloxacin which reflects their high use in the livestock industry in Pakistan [39] . The overuse and misuse of antibiotics in livestock industry have greatly contributed to the spread of MDR bacteria especially Salmonella to humans via the food chain [48] . The high level of resistance exhibited by Salmonella isolates to Amoxicillin, Ciprofloxacin and Tetracycline could pose serious threats to human health because they are the drug of choice in cases of invasive salmonellosis [49] .
Virulence of a bacterial species can be combined attributed to both resistance and virulence genes. Salmonella serovars can carry a multitude of different resistance and virulence genes. Data regarding virulence characterization of Salmonella isolates from raw beef origin is rare. However, researchers have well-characterized Salmonella isolates from pork and poultry origin [20, 50] . In our research study, we screened Salmonella isolates for seventeen (17) well-known virulence factors. For the first time in Karachi, Pakistan, we reported the prevalence of virulence genes in Salmonella isolates from beef origin. According to our PCR results, S. Enteritidis and S. Typhimurium carried a wide range of Virulence determinants genes as compared to S. Pullorum and S. Cholerasuis. All strains of S. Enteritidis were positive for invA gene which is a widely used gene for the genus level identification of Salmonella [51] [52] [53] . SopB is a Type-III secreted effector proteins, which helps in the invasion and maintenance of Salmonella containing vacuole (SVC), while sipA facilitates entry into host cells [54] . The prevalence of sopB in S. Enteritidis, S. Typhimurium and S. Pullorum was found to be 35%, 38% and 27.2% isolates respectively which indicate their zoonotic potential. A previous study on virulotyping of S. Enteritidis and S. Typhimurium isolates from poultry meat in Faisalabad found sopB in 81.8% and 91.1% isolates of S. Enteritidis and S. Typhimurium respectively [55] . The Salmonella isolates were screened for beta-lactamases i.e., blaSHV, blaTEM and blaCTX-M. S. Enteritidis and S. Typhimurium carried highest percentage of blaTEM and blaCTX-M. The carriage of beta-lactamases by Salmonella isolates reflects the fact that bacteria carry antibiotic resistance genes for enhanced survivability in an environment with selective pressure in the form of antimicrobials [56] . It is a matter of fact that antimicrobials are extensively used in cattle and other livestock animals for prophylaxis and growth promotion, which ultimately resulted in the emergence of multi and extensively drug-resistant strains of Salmonella [39] .
Materials and Methods
Samples Collection and Processing
The study was carried out on samples of raw beef sold at butcher shops and supermarkets in Karachi, Pakistan.. Meat samples from muscles (n = 25), lymph nodes (n = 25) and minced beef (n = 25) were collected from butcher shops (n = 75) and supermarkets (n = 75) [Total n = 150]. These samples were aseptically collected in sterile plastic bags that were kept in an icebox and brought to the Central Veterinary Diagnostic Laboratory Tandojam within 4-6 hours under cold conditions for further processing.
Isolation of Salmonella
For isolation of Salmonella, about 25 g of the sample was aseptically added to Buffered Peptone Water (BPW) (Himedia, India) and incubated at 37 °C for 24 hours. The next day, 100 μL sample from BPW (Oxoid, UK) was added to 10mL of Tetrathionate broth (Himedia, India) containing Potassium Iodide and Iodine solution as recommended by the manufacturers. The tubes were incubated at 37 °C for 24 hours. The day after incubation, 100 μL of liquid sample from Tetrathionate broth was streaked over the surface of the Salmonella-Shigella (SS) agar and Xylose Lysine Deoxycholate (XLD) agar and incubated 37 °C for 24 hours. The plates were observed for positive growth the day after incubation.
Identification of Salmonella
The colonies with black centers on SS and XLD agar were assumed to be Salmonella. The suspected Salmonella colonies were initially subjected to traditional morphological and biochemical testing such as Gram staining, catalase test, Triple Sugar Iron test, Citrate utilization test and MR-VP test.
The confirmed diagnosis consisted of a laser desorption (matrix-assisted) profile. Briefly, around 10 mg cells of the isolate were suspended in 300 μL sterile water. A 900 μL absolute ethanol was added and mixture was centrifuged for 2 min at 10,000 rpm. The supernatant was discarded and pellet was suspended in 50 μL 70% v/v formic acid. After addition of 50 μL acetonitrile, blend was centrifuged for 2 min at 10,000 rpm and 1 μL clear supernatant was shifted to MALDI target for drying, and then 1 μL alpha-Cyano-4-hydroxycinnamic acid was added to mixture. Before running MALDI, bacterial strain Nussle was analyzed to work as the standard for the calibration and positive control. Mass spectrometry analysis (MALDI-TOF) was done by mass spectrometer (GmbH, Germany), that identified the spectra automatically through the software fabricated by GmbH, Germany named as Bruker Bio Typer-1.1. Kauffman white type scheme serotype was tested with side agglutination having different O and H antisera.
Antibiotic Susceptibility Profiling
Salmonella isolates were assayed for their antibiotic susceptibility to Gentamycin (10 μ), Neomycin (30 μ), Kanamycin (30 μ), Cefixime (05 μ), Cefoxitin (30 μ), Cefepime (30 μ), Ciprofloxacin (05 μ), Enrofloxacin (05 μ), Tetracycline (30 μ), Oxytetracycline (30 μ), Ampicillin (10 μ) and Amoxicillin (30 μ) by disk diffusion method according to CLSI, 2019 guidelines. Inhibition zones were measured to determine the sensitivity or resistance of the isolates to the antibiotics. The reason behind choosing the above antimicrobials was that these are commonly used for treatment of people suffering from Salmonella infection. The disk diffusion method was used to check the susceptibility or resistance of isolates to various antimicrobials. Cut-off point guidelines from the CLSI M100 chart 2A were used to categorize strains into "Resistant", "Intermediate" or "Susceptible". Few colonies of the test organism with the same morphological characteristics were picked up with the help of a sterile cotton swab and mixed with nutrient broth. The turbidity of the inoculum suspension was compared with 0.5 McFarland standard solution. The bacterial suspension was spread across the entire surface of MHA plate with the help of sterile cotton swab. The MHA plates were allowed to dry for a few minutes. The individual antibiotic discs were then placed and pressed slightly on the MHA plate with an equal distance. The plates were then placed in an incubator set at 37 °C for 24 hours. Inhibition zones were observed after 24 hours of incubation and measured to the degree of area from the disk center. Isolates exhibiting resistance against three or more different classes of antibiotics were considered as multidrug-resistant (MDR) strains.
DNA Extraction and Purification
DNA was extracted using heat boiling method. Briefly, few well isolated Salmonella colonies were suspended in 1 mL Brain Heart Infusion Broth (Oxoid, UK) and incubated overnight at 37 °C. The next day, the Eppendorf tubes were centrifuged at 14,000 ×g for 10 min. The pellet was suspended in freshly prepared TE buffer (10mM Tris-HCl, 1mM EDTA) and spun for a short time to resuspend the pellet. The Eppendorf tubes were kept in water bath set at 100 °C for 5 min and then immediately shifted to −80 deep freezer for 3 min. This freeze-thaw cycle was repeated three times to lyse the cells completely. The tubes were centrifuged at 14,000 ×g for 5 min at 4 °C temperature. The supernatant was saved in another clean tube for further use in molecular characterization. The concentration and purity of DNA were checked through Nanodrop.
PCR Screening of Resistance and Virulence Genes
Various resistance genes conferring resistance to commonly used drugs of choice in humans were targeted through PCR. Commonly reported antibiotic resistance genes from various classes of antibiotics were selected which included β-lactamases TEM, SHV, and CTX-M. Different virulence factors were screened in Salmonella isolates through PCR which include spaN, msgA, sipA, invA, tolC, iroN, sitC, lpfC, spvB, spiA, pagC, cdtB, sifA, sopB, pefA, prgH, and orgA. The primer sequences used for amplification of target genes are summarized in Table 4 . The PCR amplification was carried out in 25 μL reaction PCR tubes containing 12.5 μL mater mix (amaR OnePCR TM ), 1 μL of forward and reverse primer, 5 μL DNA template and 3 μL molecular grade PCR water. The thermal cycler (Master Cycler; Eppendorf, Germany) conditions used in this study for amplification of target genes were the same except for annealing temperatures. The reaction conditions were as following; initial denaturation at 95 °C for 5 min followed by 35 cycles of denaturation at 95 °C for 1min, primer annealing for 45 seconds, and final extension at 72 °C for 5 min. The PCR product was electrophoresed on 1.5% agarose along with 100 bp DNA ladder (Genedirex). The gel was visualized using gel documentation system (BioSens SC 645). 
Statistical Analysis
The data are presented as mean ± SEM. Computer software SPSS version 20.0 was used for statistical analysis and variation between the groups was determined through the Student's t-test. Variations were considered statistically significant at * p < 0.05.
Conclusions
This study concludes that raw beef sold at butcher's shops in Karachi city are heavily contaminated with Salmonella species. Despite the fact that beef is usually not consumed in raw form, it can still pose serious threats to public health because of possible cross-contamination to other foods and the consumption of improperly cooked meat. This study indicated that raw beef may be a vehicle of MDR serovars of Salmonella. The recovered isolates exhibited phenotypic resistance to many antimicrobials of therapeutic importance. Moreover, the isolates were positive for important virulence factors which can play role in pathogenesis if consumed in food by humans.
